and because the long action duration is similar to that of morphine, we speculate that oxycodone can effectively be used during induction to prevent intubation reactions and to minimize pain from an operation. Lee et al. [12] reported that oxycodone prevented pain due to a nasal bone fracture when administered before induction and did not substantially prolong awakening time, which supports our speculation.
Currently, reports suggest that compared with fentanyl, oxycodone can effectively reduce the tracheal intubation reaction and maintain hemodynamic stability. [12, 13] However, the effective dose for tracheal intubation is currently calculated according to the requirements for fentanyl. Only one study [14] has determined the optimal dose of intravenous (IV) oxycodone for attenuating hemodynamic changes after endotracheal intubation with thiopental sodium. Because females reportedly require less opioids than males, [15] we hypothesized that the oxycodone required to blunt the hemodynamic response to tracheal intubation is affected by gender.
In this prospective study, we aimed to determine (1) the median effective dose (ED 50 ) and the 95% effective dose (ED 95 ) of an IV bolus of oxycodone that blunts the hemodynamic response to tracheal intubation with propofol according to gender and (2) the adverse events associated with induction-dose oxycodone.
Methods

Ethical approval
This study was approved by the Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang University (2016-383, Hangzhou, China) on September 6, 2016, and was registered with the Chinese Clinical Trial Registry (ChiCTR-opc-16009175) on September 8, 2016. Written informed consent was obtained from all patients.
Participants
All patients who required general anesthesia and tracheal intubation were enrolled in this study. We included adult patients (18-64 years) who were classified as Class I or II according to the American Society of Anesthesiologists. Patients were excluded if they (1) had a body mass index >30 kg/m 2 or ≤18.4 kg/m
Introduction and anesthetic management
All patients were transferred to the operating room without premedication. After the patients were in the supine position on the operating table, they inhaled oxygen at 3 L/min through a face mask and a 16-18 G indwelling catheter was placed within the antecubital or wrist vein. Pulse oximetry (SPO 2 ), electrocardiography, noninvasive blood pressure (NBP), and bispectral index (BIS) were applied to monitor the patients. All patients were instructed to close their mouth and breathe through their nose. A small catheter was inserted into the nasal cavity to measure the end-tidal carbon dioxide partial pressure (E t CO 2 ) and the spontaneous respiratory rate (RR). After a 5-min period of stabilization, NBP and HR were measured twice, and the mean values were used as the baseline (T0). Baseline E t CO 2 , RR, and BIS were also recorded.
During oxygen inhalation, all patients were quickly injected with an IV bolus of oxycodone in normal saline 5 min before induction with propofol (2 mg/kg) and rocuronium (0.8 mg/kg). During these 5 min, any adverse events that occurred before esthetic induction were recorded, such as dizziness, vertigo, cough, nausea, sedation, and respiratory depression. Systolic blood pressure (SBP), diastolic blood pressure (DBP), HR, RR, E t CO 2 , and BIS were simultaneously recorded at 1 min (T1), 3 min (T2), and 5 min (T3) after the injection of oxycodone. All patients were asked about pain when propofol and rocuronium were quickly injected and were then observed for pain reactions (hands or arm withdrawal movements). In this study, sedation was defined as the patient experiencing drowsiness or the patient involuntarily closing the eyes. Respiratory depression was defined as a decrease in RR (RR <10 beats/min).
Tracheal intubation was performed approximately 2 min after induction (7 min after the injection of oxycodone) using a unified videolaryngoscopy (TD-C-IV, Zhejiang Yu Yi Medical Equipment Co., Ltd., China) and an ordinary common endotracheal tube. The intubations were performed by two experienced attending anesthesiologists using a highly similar procedure. Patients were excluded from this study if the anesthesiologist could not perform the intubation on the first attempt. Hemodynamic responses to tracheal intubation within 3 min as observed by NBP and HR monitoring were measured at 1-min intervals. An assistant anesthesiologist recorded NBP and HR at the moment of intubation and at 1 min and 3 min after tracheal intubation.
In this study, the definition of no intubation reaction (blunted hemodynamic response) included SBP/DBP and HR increases of <20% of the baseline values. Otherwise, the response was defined as an intubation reaction. General anesthesia was maintained by continuous infusion of propofol to keep the BIS within 40-60.
A total of 0.5 mg of atropine was administered via IV when severe bradycardia occurred (HR <50 beats/min); 6 mg ephedrine was administered for events of hypotension (SBP <90 mmHg); and 10 mg Ebrantil was administered via IV for events of hypertension (SBP ≥30% of the baseline value). Concurrent hypertension and tachycardia were treated with esmolol or additional propofol or oxycodone when the anesthesiologist questioned the adequacy of the anesthesia amount.
Median effective dose measurement
The dose of oxycodone was determined by the modified Dixon's up-and-down method. Because gender may affect dose, the study was performed according to the gender. The dose of oxycodone in women was started at 0.2 mg/kg, which was used in a previous report. [12, 13] The dose was increased by 0.01 mg/kg for the next patient if the patient exhibited an intubation reaction. Otherwise, the dose of oxycodone was decreased by 0.01 mg/kg for the next patient. The initial dose in men was 0.30 mg/kg (higher than that in women).
The number of patients was based on the Dixon's up-and-down method. This method requires at least six crossover points (no intubation reaction to intubation reaction). [16] [17] [18] This study was conducted until the collection of seven crossover points each in women and men was achieved. No intubation reaction was defined as SBP/DBP and HR increases <20% of the baseline values within 3 min of intubation.
Statistical analysis
Statistical analyses were performed using SPSS version 22.0 (IBM, Armonk, NY, USA). Continuous variables were checked for normal distribution using the Shapiro-Wilk test. Data are presented as the number or mean ± standard deviation for a normal distribution or as the median (interquartile range) for nonnormal distributions. Parametric data were compared using the t-test, and nonparametric data were analyzed with the Mann-Whitney U-test. Descriptive variables were analyzed by the Chi-square test or Fisher's exact test. A probit analysis was performed to calculate the ED 50 and ED 95 from the Dixon's up-and-down method data, and the results are presented as medians (95% confidence interval [CI ]); Pearson's Chi-squared test was used to evaluate goodness-of-fit (P > 0.05 indicate good fit). Differences were considered statistically significant if P < 0.05 (two-tailed).
results
A total of 29 female and 36 male patients were enrolled in this study until seven crossover points were achieved. Two male patients were excluded from this study because of severe hypertension after the injection of oxycodone. Therefore, 29 females and 34 males were ultimately included in the final analyses.
Demographic data and induction profiles are shown in Table 1 . NBP and HR changes remained mainly within the clinical range. BIS decreased after oxycodone injection, but most patients maintained consciousness or sedation, with BIS values higher than 80. The adverse events following oxycodone injection are shown in Table 2 . Most patients maintained an SPO 2 higher than 92% with mask oxygen inhalation, even during respiratory depression. Six patients exhibited SPO 2 decreases to 92% due to sedation and respiratory depression. No patient had hypotension after oxycodone injection before induction. Only two patients exhibited hypotension after propofol induction. Furthermore, no patient exhibited hypotension and bradycardia after intubation. The sequences of no intubation reaction and intubation reaction are shown in Figure 1 . The formula of the Dixon's up-and-down method [18, 19] showed that the ED 50 of oxycodone required to blunt the tracheal intubation reaction in women was 0.252 mg/kg (95% CI, 0.220-0.284 mg/kg), and in men, the ED 50 was 0.324 mg/kg (95% CI, 0.289-0.360 mg/kg; P < 0.001). A dose-response curve from the probit analysis of the oxycodone dose and the probability of no intubation reaction are shown Figure 2 . The ED 50 and ED 95 of oxycodone required to blunt the intubation reaction in women were 0.254 mg/kg (95% CI, 0.220-0.328 mg/kg) and 0.357 mg/kg (95% CI, 0.297-2.563 mg/kg), respectively. In men, the ED 50 and ED 95 were 0.324 mg/kg (95% CI, 0.274-0.381 mg/kg) and 0.454 mg/kg (95% CI, 0.384-2.862 mg/kg), respectively (Pearson's Chi-squared goodness-of-fit, χ 2 = 13.615 and P = 0.694). Men required 28% more oxycodone than women for induction (P < 0.01).
Eight patients (8/63, 12.7%) felt pain with propofol and rocuronium injection, but none of these patients withdrew their arms.
dIscussIon
Oxycodone is an opioid drug that can be used for tracheal intubation. This study aimed to evaluate the ED 50 and ED 95 of oxycodone for blunting the hemodynamic response to tracheal intubation and the safety of a large-dose injection of oxycodone.
The ED 50 and ED 95 of oxycodone required to blunt the intubation reaction were 0.254 mg/kg and 0.357 mg/kg, respectively, in women and 0.324 mg/kg and 0.454 mg/kg, respectively, in men. Gender affected the ED 50 and ED 95 of oxycodone required for blunting the intubation reaction. During the 5-min observation after the quick oxycodone injection, there were no severe adverse events, such as chest rigidity, difficulty breathing, or cyanosis. Blood pressure and HR changed after oxycodone injection, but mainly remained within the clinical range, except for two patients who experienced very severe hypertension and were excluded from the study.
The observation of gender effects on the dose of oxycodone required for blunting the hemodynamic response of tracheal intubation is interesting. Female patients require a lower dose of oxycodone (ED 50 = 0.254 mg/kg) than male patients (ED 50 = 0.324 mg/kg) for tracheal intubation. The finding that men require approximately 28% more oxycodone than women in this study is similar to previous studies that showed that men required 30-40% more morphine [15] and approximately 30% more oxycodone [20] than women for pain relief. This difference may be caused by higher oxycodone concentrations in women [6] or men may be less sensitive than women to opioids (men require higher doses to relieve similar pain). [20] Men and women differ in their pain tolerance and in their blood concentration of oxycodone; the pharmacokinetics and pharmacokinetics were affected by gender. One study reported that females are more sensitive than males to opioid receptor agonists. [16] Furthermore, females may experience respiratory depression and other adverse effects more easily if they are given the same dose as males. In a study of kappa-opioids, the authors also found that kappa-opioid analgesia was greater in females than in males. [21] Multiple mechanisms likely contribute to sex differences in opioid analgesia, including gonadal hormonal effects, pharmacokinetics and pharmacodynamics, genetic influences, balance of analgesic/antianalgesic processes, and psychological factors. [22] In this study, we have only just begun to explore the induction dosages of oxycodone and the effect of gender on the ED 50 and ED 95 of oxycodone for tracheal intubation.
The dose of oxycodone required for tracheal intubation in this study is higher than previous reports of oxycodone. [12] [13] [14] However, the standards utilized in this study differed from those in previous reports. In the present study, we defined hemodynamic stability as SBP/DBP and HR increases of <20% of the baseline values. In previous reports, [12, 13] the authors observed the mean blood pressure (MBP) and HR and defined unstable hemodynamics as MBP increases of >40% and HR increases of >20%. One report [14] found the ED 50 and ED 95 of oxycodone for tracheal intubation with thiopental sodium and sevoflurane and defined unstable hemodynamics as SBP or MBP increases of >15% and a HR increase at the study dose. As the previous report indicated, more opioid was required to block the increase in HR than to block the blood pressure increase. [23] Therefore, the restrictive standards for an intubation reaction in this study led to the requirement for more oxycodone.
Oxycodone injection can effectively maintain hemodynamic stability. [6, 24] The changes were stable and within a clinical range (<20%). Only two male patients experienced very severe hypertension after oxycodone injection and were excluded from this study. One of these patients was 59 years old, and his SBP/DBP increased from 145/76 mmHg to 240/100 mmHg and his HR increased from 95 to 140 at 3 min after injection. The other patient was 35 years old, and his SBP/DBP increased from 190/100 mmHg to 247/124 mmHg and his HR increased from 94 to 110 at 5 min after injection. The first patient was given 40 mg of esmolol and the second patient was treated with propofol. After the treatments, the patients regained normal hemodynamics and remained stable throughout general anesthesia. These two patients did not present with hypertension histories and did not have any routine drug intake. Thus, we questioned whether these reactions were caused by undiagnosed hypertension, anxiety, or the quick oxycodone injection. Because these reactions affected the hemodynamic analysis, these two patients were excluded. The most commonly reported cardiovascular adverse events associated with oxycodone are hypotension and bradycardia. In this study, hypotension and bradycardia were not evident within 5 min of oxycodone injection, but two patients (3%) experienced hypotension after propofol injection before tracheal intubation, which differs from another study that reported that a small dose of oxycodone with 0.2 mg/kg propofol caused hypotension. [14] We designed the quick injection of oxycodone to coincide with the time point of adverse events to evaluate any severe adverse events in relation to oxycodone safety. During the 5-min observation before induction with propofol, some adverse events were observed. The four most common adverse events were dizziness (87.3%), vertigo (66.7%), sedation (74.6%), and respiratory depression (66.7%). Four (6.3%) patients reported slight nausea without vomiting. Five (7.9%) patients coughed to varying extents. Two men felt chest wall tightness, but maintained spontaneous breathing and stable vital signs without any treatment. Dizziness was similar to another report on oxycodone injection in Chinese patients [24] and Koreans. [12] Nausea was less frequently observed in this study than in other reports, [24] perhaps because of the short observation time (only 5 min).
Sedation and respiratory depression are common adverse events associated with opioids, and anesthesiologists pay close attention to severe adverse events or death. In this study, sedation (74.6%) was defined as drowsiness or if the anesthesiologist observed that the patient involuntarily closed their eyes. Respiratory depression (66.7%) was defined as a decrease in RR (RR <10 beats/min). Even with the high rate of sedation and RR depression, most patients maintained an SPO 2 level higher than 92% with mask oxygen inhalation. Only six patients exhibited SPO 2 decreases to 92%, which could be transiently treated by calling the patient's name and asking the patient to breathe deeply to maintain a normal SPO 2 . Although a very quick injection and a large dose of oxycodone may lead to a higher rate of more serious adverse events, no severe adverse events, such as chest rigidity, difficulty breathing, or cyanosis, occurred in this study. Therefore, a normal dose and slow injection of oxycodone for pain control is safe.
Propofol and rocuronium injection pain is very common in the clinical setting, and anesthesiologists encounter it every day. The injection pain can be treated with local anesthetic, central sedative/analgesic drugs, or rapid injection into a large vein. [25] [26] [27] Eight (12.7%) patients felt slight pain from the propofol/rocuronium injection, but no patients exhibited arm withdrawal movements; this value is less than those in other reports. [26, 27] Thus, we conclude that oxycodone effectively prevented pain from propofol and rocuronium injection.
This study has several limitations. First, the Dixon's up-and-down method design of this study focused on the oxycodone induction dose and hemodynamic responses (no intubation reaction and intubation reaction). We could not compare the hemodynamic response of intubation with fentanyl, which we normally use for induction. Second, this study focused on intubation reactions, and we selected patients who required tracheal intubation without limiting the type of operation. Third, although we observed adverse events from oxycodone injection, the time was short (only 5 min), which is not representative of all adverse events associated with oxycodone. Finally, oxycodone caused slight coughing and prevented pain from propofol and rocuronium injection, but we did not compare it with other opioids.
In conclusion, the ED 50 and ED 95 of oxycodone required to blunt the tracheal intubation reaction in women were 0.254 mg/kg and 0.357 mg/kg, respectively, and in men, these values were 0.324 mg/kg and 0.454 mg/kg, respectively. Oxycodone is safe for tracheal intubation, and men require a higher dose of oxycodone than women.
